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BACKGROUND OF THE INVENTION 

1 Field of the Invention 

The present invention relates to a semiconductor power module 
which mounts a plurality of power semiconductor switches, such as insulated 
gate bipolar transistors (IGBTs), gate turn-off (GTO) thyristors and the hke m 
a single package, and a large scale module comprising a plurality of the 
semiconductor power modules. More particularly, the present invention 
relates to the large scale module suitable for application fields on which 
various specifications are required as well as a high reliability for a long life. 
Especially, the present invention pertains to a power converter suitable for 
motion control of an electric locomotive, in which very severe reliability for a 
long life is substantially supposed in nature. 

2 Description of the Related Art 

As known in the art, the high frequency operation of the power 
converter can reduce the size and weight of the converter. And the power 
conversion at higher and higher frequencies is desired for power converters 
used in control systems for driving electric locomotives, since the compactness 
and the light weight of the converters suitable for installing in a railcar body 
are required to increase the transportation efficiency. And the high 
frequency power conversion of the power converters can simultaneously 
satisfy the comfortableness of passengers in trains. However, the higher 
reliability, which will guarantee a long life, is also required for the railcar 
power converters. For example, the reliability, which will guarantee the 
long life of more than about thirty years, is scheduled to be required for the 
next generation railcar power converters 

Fig 1 is a broken sectional view showing an example of an inner 
structure of a conventional plastic IGBT module used in such a power 
converter. A plastic side wall 2 is bonded to an edge of a metallic coohng 
plate 1 A plastic terminal cap 3 covers a top surface of this plastic side wall 
2 A copper plate 5, which is directly bonded or silver-brazed to a bottom 
surface of a ceramic substrate 4, is soldered onto the metallic coohng plate 1 
through a solder 6. A copper plate constituting an emitter wiring pattern 71, 
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a collector wiring pattern 72 and a gate wiring pattern 73 is bonded on a top 
surface of the ceramic substrate 4. " A semiconductor chip 8, such as IGBT 
chip and the like, is soldered to this copper plate 72 through a solder 13. 

An emitter electrode pad on the surface of the semiconductor chip 8 is 
electrically connected to the emitter wiring pattern 71 by aluminum bonding 
wires 91, and a gate electrode pad is electrically connected to the gate wiring 
pattern 73 by an aluminum bonding wire 92. In addition, an emitter 
terminal 10, a collector terminal 11 and a gate terminal 12 which are made of 
copper are respectively soldered through solders 13 to the emitter wiring 
pattern 71, the collector wiring pattern 72 and the gate wiring pattern and 
are erected upwards. Heads of the emitter terminal 10, the collector 
terminal 11 and the gate terminal 12 are protruding from the outer surface of 
the terminal cap 3, which supports and fixes the emitter terminal 10, the 
collector terminal 11 and the gate terminal 12. Moreover, in order to shield 
the semiconductor chip 8 from outside air, it is filled with a silicon resin 14, 
and an epoxy resin 15 is filled onto this silicon resin 14. 

The semiconductor power modules used to control the system of 
driving the electric locomotive are required the high reliability under the 
severe conditions of higher temperatures and higher humidities. The above 
mentioned conventional plastic IGBT module has the structure sealed with 
the silicon resin 14 or the epoxy resin 15. However, since this resin seal is of 
semi-seal structure, the conventional plastic IGBT module is of an incomplete 
sealed structure. Thus, the conventional plastic IGBT module is weak in 
moisture resistance. So, under the environment of the high temperature and 
the high humidity, water permeates into the module to thereby cause the 
performance deterioration of the semiconductor chip 8. This is undesirable 
in view of the reliability of a long time as the semiconductor power module for 
the electric locomotive. In addition, there may be a possibility that 
impurities (sodium (Na), chromium (Cr) and the like) will gradually be doped 
in the silicon resin used for the resin sealing. This impurities will invade the 
semiconductor chip 8 during the long operation. This results in a problem 
that the reliability may be dropped. 

Moreover, outer members 2, 3 constituting the semiconductor power 
module are made of plastic. Thus, they are also weak in mechanical 
strength. This results in a problem that the explosion-proof durability is 
substantially null when the semiconductor chip 8 is exploded by a short 



circuit accident and the like. 

Especially, some kinds of the electric locomotives, such as a suburban 
train a subway transit car, a streetcar or the like, frequently repeat starts 
and stops. Thus, the semiconductor power module used therein are expected 
5 to have a very high power cycle durability. For example, a semiconductor 
power module for an railcar in a next generation is planned to have a high 
power cycle durability of about ten million times, in a junction temperature 
variation ATj = 40 V and at a case temperature T c = 50 TC. However in 
the above mentioned conventional plastic IGBT module, the semiconductor 
10 chip 8 and the wiring patterns 71, 72 and 73 made of the «P^£« 
connected to each other through the aluminum bonding wires 91, 92. Hence, 
the power cycle durability of the conventional semiconductor power module is, 
for example, only about one hundred thousand times at present. Therefore^ 
it is difficult to satisfy the required power cycle durability for the next 

15 generation railcar. „«;™ Qr ,+ 0 
Moreover, the difference of the thermal expansion coefficients 
between the metallic cooling plate 1 and the ceramic 4 is large, and the railcar 
frequently repeats the starts and the stops so as to cause severe temperature 
fluctuations. Then, the crack caused by the thermal stress due to the severe 
20 temperature fluctuations is induced in the solder 6. This resulte in a 
~ problem that a Thermal Fatigue Test (TFT) reliability and a Thermal Cycling 
Test (TCT) reliability of the conventional semiconductor power module are 
both low and insufficient. On the contrary, the semiconductor power module 
for the electric railcar in the next generation is planed to have a JFT 
25 reliability of about 50 thousands cycles at AT = 7«C £ - « to 85« 
and a TCT reliability of about 1000 cycles at AT C = 165 <C (T c — 40 L to 
125 <C) However, a present semiconductor power module attains a low 
TFT reliability of about 5 thousands cycles and a low TCT reliability of about 
100 to 300 cycles at the most, under the above mentioned conditions. This 
30 causes a problem that the planned specification will not be attained in the 
next generation. 

On the other hand, various power converters, such as a DC-DC 
converter, a self-excitation inverter, a separate-excitation inverter and the 
Hke are used in the respective control systems for driving the miscellaneous 
35 raikars. A rated specifications are variously changed depending on the type 
of railcar systems. For example, the suburban train requires a large scale 
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module, which comprises a plurality of the semiconductor power modules, 
having a rated specification of a 800A, 3300 V class or a 1200A, 3300V class. 
The Japanese high speed train (referred as "the Shinkansen" traxn « 
Japanese) requires the large scale modules having a rated specification of a 
5 1200A 4500V class. "The InterCityExpress (ICE)", the high speed trarn in 
Germany and Switzerland or "the Train a Grande Vitesse (TGV)», the high 
speed train in France requires the large scale modules having rated 
specification of 1200A, 6500V classes. Then, various large scale modules 
having diversified rated specifications are required. Also, changes of the 
10 specification of the large scale modules often occur depending upon the 
changes of system designs. However, in the conventional large scale 
modules assembling plurality of semiconductor power modules, it is not easy 
to change the maximum current handling capability or the maxunum 
operating voltage. This results in a problem that the rated specifications of 
1 5 the large scale modules can not be changed rapidly and simply. 

Thus a large scale module was desired and required which could 
easily change the rated specifications, having structure that could be changed 
rapidly corresponding to the various specifications requested by users with 
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low cost. 



SUMMARY OF THE INVENTION 
The present invention is proposed to solve the above mentioned 

problems. . , 

That is it is therefore an object of the present invention to provide a 
semiconductor power module strong in moisture resistance and to provide a 
large scale module, or an assembly of the semiconductor power modules 

Another object of the present invention is to provide a semiconductor 
power module having a large explosion-proof durability and to provide a large 
scale module comprising the semiconductor power modules . 

Still another object of the present invention is to provide a 
semiconductor power module having a high TFT reliability and a high TOT 
reliability, and to provide a large scale module comprising the semiconductor 
power modules. 

Still another object of the present invention is to provide a 
semiconductor power module having an excellent power cycle durability and 
to provide a large scale module comprising the semiconductor power modules. 
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Still another object of the present invention is to provide a large scale 
m odule which can adjust the nnmber of semiconductor chips mounted ma 
Tackage, or in the large scale module so as to change the power handling 
Lpaoui* and the maximum operating voltage of the large scale module 
r P STnd easily, and norther to provide the large scale module havmg a 
« of rated performances so that it can correspond quickly to venous 
specifications requested by users without wasting cost. 

In order to attain the above mentioned objects, the firet feature of 
the present invention lies in a semiconduc^r power module provided^ wrth: . 
lanric substrate; a metallic plate bonded to a surface of tins substrate a 
clerical metallic flange which is hermetically bonded to a surface of he 
substrate at an outer circumference of the substrate, separated from the 
metallic plate; a disk-shaped ceramic housing for hermeticafly sealing an 
£Z of this metallic flange; and at least one or more semiconductor chrp 
L un ted on and soldered to the metallic plate on the surface of the cerann 
substrate. Here, as the semiconductor chip, it is possible to use a 
^conductor chip merging various semiconductor switching dev^ such a. 
an IGBT a power MOSFET, a power bipolar transistor (power BJD, a 
"v^tor a power static induction transistor (power SIT), a static mduction 
thyristor (SI thyristor) and the like. In addition, as the ceramic substrate, it 
is^ssible to use various substrates, such as alumina ( A1 O ) alunnnum 
nitride (AIM), silicon nitride film (Si, N. ), berylha (BeO) and the hke. 

According to the first feature of the present invention, a hermetically 
sealed container is created by the ceramic substrate, the cylindrical metallic 
fl^ge and the disk-shaped housing. For example, one or more 
semiconductor chips, such as IGBTs and the like, are accommodated m tins 
hectically sealed container. And this hermetically sealed > contam er has a 
very high air-tightness. For example, the air leak rate of less than 10 
Pa Z /sec (10 " atm • ^ /sec) is easily obtained by this hermeticafly sealed 
container. Further, it is practically easy for this hermeticafly sealed 
container to have the higher air-tightness (the ower a. leak „ *> o t fa 
example, about 10- • Pa • m* /sec (10- • atm • cm* /sec) to 10 ■ « Pa « sec 
no- m atm • cm' /sec). In addition, the ceramic substrate, the metallic plate 
; Lade of, for example, copper, bonded to the surface thereof and the metaUic 
flange are brazed with silver brazing, aluminum brazing or the like. 
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Moreover, the brazed portion can be sufficiently strong against the thermal 
stress resulting from the difference of the thermal expansion coefficient 
between the ceramic substrate and the metallic plate, or between the ceramic 
substrate and the metallic flange. 

The second feature of the present invention lies in a semiconductor 
power module provided with: a ceramic substrate; a metallic plate bonded te a 
surface of the ceramic substrate ; a metallic flange which is hermetically 
bonded to a surface of the metallic plate at boundary of, or at an outer 
circumference of the metallic plate; a disk-shaped ceramic housing for 
hermetically sealing an opening of this metallic flange; and at least one or 
xnore semiconductor chips soldered to the metallic plate on the surface of he 
ceramic substrate. Here, as the semiconductor chip, it is possible to use the 
semiconductor chip merging the various semiconductor switching devices, 
such the IGBT, the power MOSFET, the power BJT, the GTO thyristor, the 
power SIT, the SI thyristor and the like, similarly to the first feature. In 
addition, as the ceramic substrate, it is also possible to use the substrate, such 
as the Al, 0 3 , the A1N, the Si 3 N 4 , the BeO or the like, similarly to the first 

feature. . , 

According to the second feature of the present invention, the 

cylindrical metallic flange is bonded to the metallic plate made of, for example, 

copper or the like, where the metallic plate is bonded on a surface of the 

ceramic substrate. Thus, if the metallic flange is made of metal with a low 

thermal expansion coefficient, the three layered structure in which the high 

thermal expansion coefficient material (the metallic plate) is sandwiched by 

upper low thermal expansion coefficient material (the metallic flange) and 

lower low thermal expansion coefficient material (the ceramic substrate) is 

constructed. Then, in the three layered structure, the thermal stress 

ascribable to the difference of the thermal expansion coefficient between the 

ceramic substrate and the metallic plate is reduced by the compensating 

stress acting between the metallic plate and the cylindrical metaUic ^flange. 

Hence it is possible to further improve the TFT reliability and the TCT 



reliability. 



The third feature of the present invention pertains to a large scale 
module comprising plurality of semiconductor power modules. Here, as the 



semiconductor power module, it is possible to use the semiconductor power 
module described in the above mentioned first and second features of the 
present invention. Namely, the large scale module of the third feature 
comprises: a heat sink; a metallic frame having a plurality of openings 
5 disposed on the heat sink; a plurality of semiconductor power modules 
disposed on the heat sink so as to be mounted in the openings; a plurality of 
sealing members disposed between the respective semiconductor power 
modules and the metallic frame; a plastic cover for covering one surface of the 
metallic frame on which the semiconductor power module is mounted; and a 
10 resin filled into the cover. 

According to the third feature of the present invention, if a desirable 
number of openings are formed on the metallic frame, it is possible to mount a 
desirable number of semiconductor power modules in the metallic frame. 
For example, the parallel connection of a desirable number of semiconductor 
15 power modules enables the formation of the large scale module having a 
desirable maximum current handling capability and power handling 
capability at the maximum operating voltage . In addition, if a desnrable 
number of semiconductor power modules are mounted in the metallic frame 
and further they are connected in series, it is possible to assemble the large 
20 scale module having desirable operating voltages, desirable breakdown 
voltages, or desirable blocking voltages. Moreover, the selection and the 
combination of the parallel connection and the series connection enables the 
formation of a large scale module having any power handling capability and 
the maximum operating voltages. Therefore, by adjusting the number of 
25 semiconductor chips mounted in the metallic frame and selecting / combing 
the parallel / series connection, it is easy to response to the various 
specifications of users rapidly without costing extra money. 

Further it is easy to construct various inverters or various converters 
having desirable maximum current handling capabilities, the desirable power 
30 handling capabilities, or the desirable maximum operating voltages, rapidly 
responding to various specifications imposed by miscellaneous users. 

Other and further objects and features of the present invention will 
become obvious upon an understanding of the illustrative embodiments about 
to be described in connection with the accompanying drawings or will be 
35 indicated in the appended claims, and various advantages not referred to 
herein will occur to one skilled in the art upon employing of the invention in 
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practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is a cross sectional view showing a configuration of a 

conventional semiconductor power module; 

Fig.2A is a plan view showing a structure of a semiconductor power 

module according to a first embodiment of the present invention; 

Fig.2B is a cross sectional view taken on the direction I I of 

Fig.2C is a cross sectional view taken on the direction H - II Fig.2A; 
Fig.2D is a cross sectional view taken on the direction ffl-ffl of 



Fig.2A; 



Fig.2A; 



Fig.2E is a schematic view showing the gate wirings of the 
semiconductor power module according to the first embodiment of the present 

15 invention; _ , 

Fig.2F is a bird's eye view showing an example of the emitter 
electrode member of the semiconductor power module according to the first 
embodiment of the present invention; 

Fig.3A is a cross sectional view showing a structure of a 
20 semiconductor power module according to a second embodiment of the present 
invention, in a plane corresponding to the plane along the direction I - I of 
Fig.2A; 

Fig.3B is a cross sectional view showing a structure ot tne 
semiconductor power module according to the second embodiment of the 
25 present invention, in a plane corresponding to the plane along the direction 
n-II Fig.2A; 

Fig.4 is a cross sectional view showing a structure of a large scale 
module according to a third embodiment of the present invention; 

Fig.5 is a cross sectional plan view of the large scale module shown 

30 in Fig.4; - 

Fig.6A is a cross sectional view showing a structure ot a 
semiconductor power module according to another embodiment of the present 
invention, in the plane corresponding to the plane along the direction I - I 
ofFig.2A; 

35 Fig .6B is a cross sectional view showing a structure of a 

semiconductor power module according to another embodiment of the present 
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invention, in the plane corresponding to the plane along the direction H H 
of Fig.2A; and 

Fig.7 is a bird's eye view showing another example of the emitter 
electrode member of the semiconductor power module of the present 
5 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Various embodiments of the present invention will be described with 
reference to the accompanying drawings. It is to be noted that the same or 
10 similar reference numerals are applied to the same or similar parts and 
elements throughout the drawings, and the description of the same or similar 
parts and elements will be omitted or simplified. 

Generally and as it is conventional in the representation of 
semiconductor devices, it will be appreciated that the various drawings are 
1 5 not drawn to scale from one figure to another nor inside a given figure, and in 
particular that the layer thickness are arbitrarily drawn for facilitating the 
reading of the drawings. 
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FIRST EMBODIMENT 

Fig.2A is a cross sectional plan view showing the structure of a 
semiconductor power module according to a first embodiment of the present 
invention. Figs.2B, 2C and 2D are cross sectional views taken on the 
direction I- I. the direction II - II and the direction ffl-ffl of Fig.2A, 
respectively. As shown in Fig.2A, the semiconductor power module 
according to the first embodiment of the present invention comprises four 
semiconductor chips 351, 352, 353 and 354 merging IGBTs respectively on 
their chips, the four semiconductor chips 351, 352, 353 and 354 are mounted 
on a ceramic substrate 31, and the periphery thereof is surrounded with a 
circular flange 32 made of metal with low thermal expansion coefficient. On 
the semiconductor chips 351, 352, 353 and 354, emitter electrode pads 381, 
382, 383 and 384 and gate electrode pad 391, 392, 393 and 394, each made of 
metallic thin film such as aluminum thin film or aluminum alloy (Al-Si, Al- 
Cu-Si) thin film, are disposed respectively. 

As shown in Figs.2B, 2C and 2D , a copper plate 331 is bonded to the 
top surface of the ceramic substrate 31, and a copper plate 332 is bonded to 
the bottom surface thereof, by the brazing, such as the silver brazing, the 



9 



aluminum brazing or the like, respectively. The flange 32 is bonded to the 
outer side of the copper plate 331 at the boundary of and on the top surface of 
the ceramic substrate 31, similarly by the brazing, such as the silver brazing, 
the aluminum brazing or the like. Such brazing is conducted based on "an 
activated metallizing method" using surface catalyst, such as titanium <Ti) 
and the like. Such brazing enables the bonding interfaces between the 
ceramic substrate 31 and the copper plate 331, 332 and between the ceramic 
substrate 31and the flange 32 to be bonded under excellently mechanical 
strength. As a matter of fact, brazing layers each having a thickness of 2 to 
several microns are present on the respective bonding interfaces between the 
ceramic substrate 31 and the copper plates 331, 332 and between the ceramic 
substrate 31 and the flange 32. However, the explanations thereof on 
Figs.2B, 2C and 2D are omitted to avoid cluttering up the drawing. 

A semiconductor chip 351 is soldered onto the copper plate 331 
through a solder 341 having a thickness of about 100 U m, and a 
semiconductor chip 352 is also soldered onto the copper plate 331 through a 
solder 342. An emitter pedal (conductive electrode pedal) 361 of emitter 
electrode member made of molybdenum (Mo) is pushed against an IGBT 
emitter electrode pad disposed on a main surface of the semiconductor chip 
351 by a spring 37 through a plurality of metallic hemispheres or bumps 366, 
such as solder balls, silver bumps and the like. Similarly, an emitter pedal 
(conductive electrode pedal) 362 of emitter electrode member is pushed 
against an emitter electrode pad disposed on a main surface of the 
semiconductor chip 352 by the spring 37 through a plurality of metallic 
hemispheres 366. The other semiconductor chips 353, 354, although they 
are arranged at the back of the page and are not shown, have the structures 
similar to those of the semiconductor chips 351, 352. The emitter pedals 
(conductive electrode pedals) 361, 362 for contacting with the respective 
emitter electrodes via the metallic hemispheres 366 are connected to 
backbone 36 of the emitter electrode members, as shown in Fig.2F. On the 
bottom surface of each emitter pedals (conductive electrode pedals) 361 to 364, 
the plurality of metallic hemispheres 366 are attached. In this way, the four 
emitter pedals (conductive electrode pedals) 361 to 364 of the emitter 
electrode members are pressure-contacted to the respective emitter electrode 
pads with low Ohmic contact resistance to accordingly form emitter electrode 
paths. As shown in Fig.2B, the spring 37 generates the pushing force 
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against the four emitter pedals 363 to 364 since it is pushed from above by a 

on eve, bottoms surface of emitter pedals (conducive 
eiectrode pedals) 361 to 364, the plurality of metallic hem.spr.eres 366 are 
attached to be pressure-contacted with the emitter electrode pods in Fig. 2F, 
ttpossibie to emp.oy the emitter pedals having « ^ * 
this case, we should prepare copper (Cu) foils, each havmg the plurah* of 
me tallic hemispheres. Then the copper foils are respectively sandwiched 
'tween the emitter pedals having the flat bottom surfaces and 
Strode pads, and the copper foils are pressure-contacted to the respecUve 
emitter electrode pads by employing the similar spring force applied on the 
top surface of the emitter pedals. 

An annular member 39 made of metal with low thermal expans.cn 
efficient is connected to a boundary end of the ceramic housing 38 with the 
tearing, such as the silver braring and the like. Then, the upper portion of 
this annular member 39 is welded to the top end of the flange ,32. 

In addition, as shown in Fig.2D. gate probe pins 471 and 472 are 
pushed against the IGBT gate electrode pads 391 and 392 (see Fig. 2A 
Ced on the respective main surfaces of the four semicond uctor £j >»1 
to 354 via insulators 481 and 482 through springs not shown m the figure 
SimLly, at the back of the Fig.2D, gate probe pins 473 and 474 (not shown) 
L pushed against the IGBT gate electrode pads 393 and 394 (see Fig. 2AX 
As shown in Fig.2E, four gate probe pins 471to 474 converge on a single gat 
inductive pillar 45 made of copper through sheathed cables or coa*£ 
cables) 451-454 and 456-459. At the mid points of respective sheathed ^bles, 
four gate resisters 461-464 having the required resistance are intervened. 

Bottom surfaces serving as collectors of the four semiconductor chips 
351 to 354 are soldered to the copper plate 331, respectively. Thus, the 
copper plate 331 serves as an IGBT collector electrode wiring portion. A 
Xtor conductive pillar 40 made of copper is verticafly erected near the 
center of this copper plate 331 by the soldering. Then, as shown m Fig^ i 
penetrates the backbone 36 of the emitter electrode member and further 
penetrates the ceramic housing 38, and projects towards external portion _ 
In addition, an emitter conductive pillar 41 made of copper is 
uprightly erected on the backbone 36 of the emitter electrode member, and i 
penetrates the ceramic housing 38 and then projects towards the external 
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portion The collector conductive pillar 40 is tightly connected to a cap- 
shaped external collector electrode 42 made of copper that is uprightly bonded 
on the ceramic housing 38 by the brazing, such as the silver brazing, the 
aluminum brazing or the like, with calking. Similarly, the emitter 

5 conductive pillar 41 is tightly connected to a cap-shaped external emitter 
electrode 43 made of copper uprightly bonded on the ceramic housing 38 by 
the brazing, with the calking. Further, the gate conductive pillar 45 is 
tightly connected to a cap-shaped external gate electrode 44 made of copper 
uprightly bonded on the ceramic housing 38 by the brazing, with the 

1 0 calking. 

According to the first embodiment of the present invention, the lower 
end of the flange 32 is brazed to the ceramic substrate 31, and the upper end 
thereof is brazed to the ceramic housing 38 through the member 39 made of 
the metal with the low thermal expansion coefficient that is welded and 
connected to the flange 32, and thereby the hermetically sealed space is 
created Moreover, the penetration holes of the collector conductive pillar 40, 
the emitter conductive pillar 41 and gate conductive pillar 45 which project 
above the ceramic housing 38 are air-tightly blocked with the cap-shaped 
external collector electrode 42, the cap-shaped external emitter electrode 43 
and the cap-shaped external gate electrode 44 by the brazing. Thus, a 
container has an extremely high air-tightness of about 10- a Pa • /sec (10- 
atm • cm3 /sec) to 10- 1 o Pa • /sec (10- "atm- ^ /sec). Accordingly, this 
can make the moisture resistance veTy higher, and perfectly prevent humidity, 
corrosive gas and the like from invading the container and also prevent the 
trouble of the four semiconductor chips 351 to 354. Hence, this can 
extremely improve the reliability. 

A metallic material whose thermal expansion coefficient is close to 
that of the ceramic, such as 42 Alloy, 36 Alloy or the like, is desirable for the 
material of the flange 32. In addition, these metals are strong in mechanical 
strength and also strong in brazing stress. Thus, an annealed material is 
desirable in order to drop the mechanical strength. It is possible to select 
such a material to largely reduce the thermal stress resulting from the 
difference of the thermal expansion coefficient between the respective 
members to further improve the TFT reliability and the TCT reliability. 

In addition, the metal and the ceramic are bonded to each other by 
the welding and the brazing to accordingly form the hermetically sealed 
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container. Thus, the mechanical strength thereof is extremely larger than 
that of the plastic or the like. Hence, even if the semiconductor chips 351, 

352 are exploded by the short circuit failure and the like, the hermetically 

sealed container is never broken due to the sufficient explosion-proof 
durability, which improves the safety. 

Moreover, each emitter electrode pad of the semiconductor chips 351, 

352 is connected to the external emitter electrode 43 projecting above the 

ceramic housing 38 by pressure-contacting the emitter electrode member 36 
through the metallic hemispheres 366 without using a bonding wire such as 
an aluminum wire and the like. Further, each collector electrode layer on 

the bottom surfaces of the semiconductor chips 351, 352 is bonded to the 

external collector electrode 42 on the ceramic housing 38 by the soldering to 
the copper plate 331. Thus, the conductive capacity on each electrode path 
can manifest an extremely large value. The electrode paths constituting the 
semiconductor power module are created by such conductive members having 
the large conductive capacity, which can extremely improve the power cycle 
durability of the semiconductor power module. For example, it is possible to 
easily achieve the power cycle durability of about ten million times or more at 
the junction temperature variation ATj = 40 "C and the case temperature of 
T c =50 XZ, and also possible to achieve the power cycle durability of about 
one hundred thousand times or more at the junction temperature variation 
ATj = 100 *C and the case temperature of T c = 50 *C. 

In addition, since the semiconductor power module according to a 
first embodiment of the present invention does not require the metallic 
cooling plate 1, which has been inevitable to the conventional semiconductor 
power module, even if the thermal expansion coefficients of the ceramic 
substrate 31 and the copper plate 331 are different from each other, the crack 
is not induced. Hence, it is possible to improve the TCT durability. For 
example, it is possible to easily achieve the TCT reliability of about 1000 
cycles or more at T c = 165 *C. 

In addition, since the dimension of the semiconductor power module 
according to the first embodiment can bejnade substantially identical to those 
of the conventional modules, the similar dimension specification can be used. 

As detailed above, in the semiconductor power module according to 
the first embodiment of the present invention, the plurality of semiconductor 
chips are accommodated in the container that is hermetically sealed by the 
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metal and the ceramic to have the high air-tightness. Then, the emitter 
electrode pads disposed on the top surface of the semiconductor chips are 
respectively connected to the conductive member having the large conductive 
capacity by the pressure-contacting. Moreover, the brazing, such as the 
silver brazing, the aluminum brazing or the like is performed on the portion 
receiving the thermal stress. Then, the metallic cooling plate is removed. 
Thus, this can improve the moisture resistance, the explosion-proof durability, 
the TFT reliability and the TCT reliability and the power cycle durability to 
thereby make the property of the semiconductor power module extremely 
higher. 

SECOND EMBODIMENT 

Figs.3A and 3B are cross sectional views showing a structure of a 
semiconductor power module according to a second embodiment of the present 
invention. Also, four semiconductor chips are mounted on the ceramic 
substrate 31, in the semiconductor power module according to the second 
embodiment of the present invention. A plan view thereof is omitted since it 
is identical to that of the first embodiment of the present invention. That is, 
Fig.3A is a cross sectional view in a plane corresponding to a plane along the 
direction I - I of Fig.2A, shown as the plan view of the first embodiment of 
the present invention, and Fig.3B is a cross sectional view in a plane 
corresponding to a plane along the direction H - II Fig.2A. Respective 
IGBTs are merged on the four semiconductor chips. 

As shown in Figs.3A and 3B, in the semiconductor power module 
according to the second embodiment of the present invention, a copper plate 
331 is bonded to a top surface of a ceramic substrate 31 with the brazing, such 
as the silver brazing, the aluminum brazing or the like. This copper plate 
331 is a circular plate having a larger diameter than that of the copper plate 
of the first embodiment of the present invention. Moreover, a cylindrical 
flange 32 made of metal with low thermal expansion coefficient is bonded onto 
this copper plate 331 with the brazing, such as the silver brazing, the 
aluminum brazing or the like. The bottom surface of a semiconductor chip 
351 is soldered to this copper plate 331 through a solder 341, and the bottom 
surface of a semiconductor chip 352 is soldered thereto through a solder 342. 
Since the bottom surfaces of the semiconductor chips 351, 352 are IGBT 
collector electrode layers, the copper plate 331 serves as an IGBT collector 
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electrode wiring portion. In addition, the flange 32 made of the metal with 
the low thermal expansion coefficient is electrically bonded to the copper plate 
331. Thus, the flange 32 also doubles as the collector electrode of the 
semiconductor power module. 

As shown in Fig.3B, a cap-shaped external emitter electrode 43 and a 
cap-shaped external gate electrode 44 are uprightly bonded on a ceramic 
housing 38 with the brazing in the semiconductor power module according to 
the second embodiment of the present invention. Then, this cap-shaped 
external emitter electrode 43 is tightly connected an emitter electrode pillar 
41 uprightly erected on a backbone 36 of emitter electrode member with the 
calking. The cap-shaped external gate electrode 44 is tightly connected an 
gate electrode pillar 45 to which four gate probe pins converge. The other 
structure is similar to that of the first embodiment shown in Figs.2A, 2B and 
2C. 

In the semiconductor power module according to the second 
embodiment of the present invention, the flange 32 made of the metal with 
the low thermal expansion coefficient is bonded onto the copper plate 331 with 
the brazing. That is, the ceramic substrate 31 having a small thermal 
expansion coefficient is fixed on the bottom surface of the copper plate 331 
having a large thermal expansion coefficient, and the flange 32 having a 
small thermal expansion coefficient is fixed on the top surface of the copper 
plate 331. Thus, the thermal expansion of the copper plate 331 is suppressed 
from both the sides. In this way, the suppression of the thermal expansion of 
the copper plate 331 enables the TCT durability of the second embodiment to 
be improved over that of the first embodiment. 

In addition, it is not necessary to provide a dedicated external 
collector electrode on the ceramic housing 38 since the flange 32 doubles as 
the external collector electrode without reducing the power cycle durability. 
Correspondingly, this can make the apparatus smaller to simultaneously 
simplify a process of assembling the semiconductor power module to thereby 
improve the productivity. The other structure is similar to that of the first 
embodiment shown in Figs.2A and 2B. Moreover this structure provides the 
similar effectiveness and advantages as those of the first embodiment. 

As detailed above, in the semiconductor power module according to 
the second embodiment of the present invention, the semiconductor chips are 
accommodated in the container that is created by the metal and the ceramic 
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and has the high air-tightness. Then, the emitter pedals 361 362 
contacted to emitter electrode pads of the semiconductor chips 351, 352 
through the metallic hemispheres 366 without using a bonding wore such as 
an aluminum wire and the like so that the conductive capacity on the 
electrode path to the external emitter electrode 43 can manifest an extremely 
large value. Moreover, the brazing is performed on the portion receiving the 
thermal stress. Furthermore, the metalhc cooling plate can be remove * 
Thus this can improve the moisture resistance, the explosion-proof durability, 
the TFT reliability and the TCT reliability and the power cycle durability to 
thereby make the performance of the semiconductor power module extremely 
higher. 

THIRD EMBODIMENT . m 

Fig 4 is a vertical cross sectional view taken on the direction ffl-Dl of 
Fig.5, which is a cross sectional plan view of the large scale module according 
to the third embodiment of the present invention. 

As shown in Fig.5, a flange (metalhc frame) 51 constituting the outer 
contour of the large scale module according to the third embodiment of the 
present invention has a rectangular plane and has a plurality of (six) screw 
stop holes 61 to 66 in the periphery thereof. Then, this flange (metalhc 
frame) 51 has a plurality of (four) circular openings 52 for accommodating a 
plurality of (four) semiconductor power modules 81 to 84. Although the 
opening 52 is circular in Fig.5, it is naturally allowable that the opening 52 is 
rectangular, hexagonal or other shapes. 

As shown in Fig.4, a plastic cover 54 is adhered and bonded to the 
upper portion of the screw stop flange 51 through a resin based adhesive ,74 
and the like. This plastic cover 54 covers semiconductor power modules 81 to 
84 That is, six screws (not shown) penetrate the six screw stop holes 61 to 
66 shown in Fig.5, respectively. Then, the flange (metalhc frame) 5 is fixed 
on a large heat sink 60 with the screws. Accordingly, the plastic cover 54 
pushes down the semiconductor power modules 81 to 84 at a constant 
pressure. As a result, the semiconductor power modules 81 to 84 are pushed 
against the heat sink 60 and fixed therein. For example, as these four small 
semiconductor power modules 81 to 84, the semiconductor power module 
shown in Figs.3A and 3B in accordance with the second embodiment of the 
present invention can be employable. As shown in Fig.4, sealing members or 



16 



sealing rubbers (sealing rings) 53 are mounted in and under the protruding 
tongues of the openings 52, the sealing members (the sealing rubbers)' 53 are 
positioned between the outer edges of the semiconductor power modules 81 to 
84 and the protruding tongues of the flange 51, respectively. Thus, the 
inside of the plastic cover 54 is hermetically sealed by the fact that the 
protruding tongues of the flange 51 pushes down the outer edges of the 
semiconductor power modules 81 to 84 through the sealing members (the 

sealing rubbers) 53. 

An outer emitter electrode 57, an outer collector electrode 38 and an 
0 outer gate electrode (not shown in Fig.4) are positioned over the plastic cover 
54 as electrodes of the large scale module according to the third embodiment 

of the present invention. The semiconductor power modules 81, 82 may 

comprise the ceramic substrate 31, a plurality of semiconductor chips having 
the IGBTs mounted on the ceramic substrate 31 and the flange 32 
5 surrounding the periphery of the semiconductor chips, similarly to the first or 
second embodiments. The IGBT emitter electrodes 36 disposed on the 

ceramic housings 38 over the semiconductor power modules 81, 82 are 

connected in parallel to each other through conductive materials 55. And the 
IGBT collector electrodes 32 doubling as the flange 32 are connected in 
parallel to each other through another conductive materials 56. Although 
not shown in the figure, the IGBT gate electrodes disposed on the ceramic 
housings over the semiconductor power modules 81, 82, ....are connected in 
parallel to each other through another conductive materials. These 
conductive materials 55, 56 are bonded to the upper portion of the plastic 
5 cover 54 and connected to the outer emitter electrode 57 and the outer 
collector electrode 58. Moreover, the inside of the plastic cover 54 is filled 
with a gelled silicon resin 59, epoxy resin or the like, in order to make the 
mechanical strength and the insulation strength higher. 

According to the third embodiment of the present invention, the large 
30 scale module is assembled by mounting the plurality of semiconductor power 
modules 81 to 84 (four, in the third embodiment of the present invention) into 
the screw stop flanges 51 and then connecting them parallel to each other. 
Thus it is possible to easily achieve a desirable maximum current handling 
capability by freely selecting the number of semiconductor power modules 81, 
35 82 to be used. Hence, the large scale module according to the third 
embodiment of the present invention can response to various power and 



JO 



17 



voltage specifications requested by users and design changes thereof rapidly 
and easily. 

In addition, the third embodiment of the present invention shows the 
example in which the semiconductor power modules 81, 82 are electrically 

5 connected parallel to each other. However, they may be connected in series. 
It is possible to connect the predetermined number of semiconductor power 
modules 81, 82, .... in series to easily achieve a predetermined breakdown 
voltage and a blocking voltage requested by the users and also response to 
various circuit specifications requested by the users and miscellaneous design 

1 0 changes thereof rapidly and easily. 

For example, the suburban train requires the large scale module 
having the rated specification of the 800A, 3300 V class or the 1200A, 3300V 
class. The long-distance high speed trains require the larger operating 
voltages, namely "the Shinkansen" super express train in Japan demands the 

1 5 large scale module having the rated specification of the 1200A, 4500V class. 
On the other hand, "the ICE train in Germany / Switzerland and "the TGV" 
train in France require higher voltage type large scale module having the 
rated specification of the 1200A, 6500V class. In the large scale module 
according to the third embodiment of the present invention, it is possible to 

20 adjust the number of semiconductor power modules to be mounted in the 
metallic frame and to select the best combination of the series connection and 
the parallel connection to thereby change the maximum power handling 
capability and the maximum operating voltage of the large scale module, 
without wasting further time and efforts. And further, it is easy to response 

25 rapidly to the various specifications requested by different users and the 
design changes, without requiring further increase of manufacturing cost. 

OTHER EMBODIMENTS 

Various modifications will become possible for those skilled in the art 
30 after receiving the teachings of the present disclosure without departing from 
scope thereof. 

For example, it is also possible to combine the structure of the 
semiconductor power module according to the first and the second 
embodiments of the present invention to thereby put both the merits to the 
3 5 practical use. Figs.GA and 6B are cross sectional views showing a structure 
of a semiconductor power module in which the first and the second 
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embodiments of the present invention axe combined. F.g.6A is a cross 
sectional view in the plane corresponding to the plane along the directum I - 
I of Fig 2A shown as the plan view of the first embodiment of the present 
invention. Fig.6B is a cross sectional view in the plane corresponding to the 
5 plane along the direction E-I of Fig.2A. Fonr IGBTs are merged tn 
respective four semiconductor chips. 

As shown in Figs.BA and 6B, a copper plate 331 havmg a large 
diameter similar to that of the second embodiment is bonded to the 
semiconductor power module according to another embodiment of the .present 
, 0 invention. Moreover, a flange 32 is bonded onto this copper plate 331 with 
the brazing. Bottom surfaces of semiconductor chips 351, 352 are soldered to 
this copper plate 331 through solders 341, 342, respectively. The copper 
plate 331 serves as a collector electrode wiring portion of IGBT. In addition, 
the flange 32 made of metal with low thermal expansion coefficient » 
, 5 electrically bonded to the copper plate 331. However, differently from the 
slid embodiment, the flange 32 does not function as the collector electtode 
of the semiconductor power module. Separately, a dedicated cap-shaped 
external collector electrode 42 made of copper is prepared and upnghUy ended 
„ n a ceramic housing 38 with the brazing, as shown in Figs.6A and 6B_ This 
20 structure of the external collector electrode 42 is similar to that of the first 
embodiment of the present invention. That is, a collector conducive pdlar 
40 made of copper is uprightly erected near the center of the copper plate 331. 
Then this collector conductive pillar 40 penetrates a backbone 36 of an 
emitter electrode member, and further penetrates the ceramic housing 38 and 
25 projects towards external portion. This collector conductive pfllar 40 is 
connected to the external collector electrode 42 with the caltong. The 
structure of an external emitter electrode 43 and an external gate electrode 44 
are similar to those of the first and second embodiments. Thus, the 
explanation thereof is omitted. 
30 According to the semiconductor power module shown m F,gs.6A and 

' " 6 B the thermal expansion of the copper plate 331 is suppressed by the 
members which are bonded on both the surfaces and have small thermal 
expansion coefficients. In this way, the suppression of the thermal 
expansion of the copper plate 331 can improve the TCT durability. In review 
35 the flange 32 has served as the Sector electrode in the second embodunen 
of the present invention. However, in a case of the flange 32 made of the 
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metal with the low thermal expansion coefficient, it is difficult to make an 
electric resistance thereof smaller. So, this involves the increase of the 
forward voltage drop and the heat dissipation in the flange 32, and also 
makes the electromagnetic shield insufficient. On the contrary, the 
dedicated collector conductive pillar 40 and cap-shaped external collector 
electrode 42 made of the material with the small electric resistance are 
provided in the semiconductor power module as shown in Figs.6A and 6B so 
as to improves the disadvantages in the second embodiment. Thus, it is 
possible to improve the TCT durability while ensuring the small resistances 
of the external collector electrode and the collector electrode fetching portion 
connected to this external collector electrode. Moreover, the moisture 
resistance, the explosion-proof durability and the power cycle durability can 
be improved similarly to the first and second embodiments. 

The structure of the emitter electrode members is not limited as 
shown in Fig.2F. Fig.7 is a bird's eye view showing another example of the 
emitter electrode member of the semiconductor power module of the present 
invention. In Fig.7, four emitter pedals (conductive electrode pedals) 361 to 
364 and backbone 36 of emitter electrode member are made of relatively thin 
plate of metal -such as molybdenum (Mo)- as a single body by punching and 
mechanical press. Further, each emitter pedals (conductive electrode pedals) 
361 to 364 is pressed to form a plurality of metallic hemispheres 366 
protruding downward from the bottom surface of each emitter pedals 361 to 
364. Then the emitter pedals 361 to 364 can contact with the emitter 
electrode pads disposed on the semiconductor chip via the metallic 
hemispheres 366 with the aid of the spring, pushing force against the top 
surface of emitter pedals 361 to 364. And an emitter conductive pillar 41 is 
brazed on top surface of backbone 36 to erect upwards. 

Of course, the semiconductor power module and the large scale 
module in the present invention are not limited to the semiconductor power 
module or the large scale module used in the power converter for the system 
of driving the railcar. They can be applied to a ground faculty for supplying 
electric power to the electric railcars or a system of driving linear motor cars, 
and can be also applied to a case of rotating a screw by using an electric motor 
with a power generated by an internal combustion engine installed in a ship. 
Moreover, the semiconductor power module and the large scale module in the 
present invention can be applied to various motor drive applications such as 
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ta an electric vehicle, an levator, an escalator or the hke In adtoon, h y 
L be applied to various inverters / converters in nnscellaneous fields, such 
as an empower field, an energy field, a _nication fie!d and the hke. 

Is Mentioned above, the present invention naturally urdudes 
various embodhnents which are not described here. Therefore the techmcal 
range of the present invention is defined only by the followmg claims. 
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